Background/Aims: Inflammation-based scores, such as the neutrophil-to-lymphocyte ratio (NLR), have been associated with prognosis in hepatocellular carcinoma (HCC); but variable cut-off values and potential lack of specificity have limited the utility of NLR. This study evaluates NLR in a large cohort of HCC patients. Methods: We retrospectively reviewed 789 HCC cases (1993789 HCC cases ( -2017 for demographics, tumor characteristics, treatment, and survival. NLR was stratified into NLR ≥1.5 and NLR ≥3 and analyzed for correlation with American Joint Committee on Cancer (AJCC) and Barcelona Clinic Liver Cancer (BCLC) stages. In 235 patients who underwent liver resection, survival and recurrence were evaluated by NLR. Results: In 789 HCC cases, mean NLR was increased with advanced AJCC and BCLC stages. Hepatitis C patients were less likely to have NLR ≥1.5 and ≥3. Non-alcoholic steatohepatitis patients were more likely to have NLR ≥3. Patients with tumor size >5 cm, rupture, or macrovascular invasion were more likely to have NLR ≥3. In patients treated with resection, NLR ≥3 predicted early recurrence (odds ratio [OR] 4.14, P<0.01) and overall recurrence (OR 4.05, P<0.01). Mean NLR was 4.30 in those with recurrence and 2.75 in those without recurrence. Patients with NLR ≥3 showed significantly worse survival compared to those with NLR <3 (P<0.01 by log-rank test). Conclusions: Elevated NLR is associated with advanced cancer stage and aggressive tumor characteristics, such as large size, rupture, and invasion. NLR ≥3 was associated with early and overall recurrence after resection but varied with etiology. NLR may be a useful biomarker in predicting recurrence for HCC patients undergoing curative resection, but further studies are required to elucidate the effect of disease etiology. 
IntroduCtIon
Liver cancer is the fifth most common cancer in men and ninth in women but is the second most common cause of cancer death worldwide. 1 Hepatocellular carcinoma (HCC) comprises 80% of primary liver cancers and is usually caused by the chronic inflammation induced by hepatitis B virus (HBV) and hepatitis C virus (HCV). 2, 3 However, due to the increased incidence of metabolic syndrome and nonalcoholic fatty liver disease, HCC is now the fastest rising cause of cancer death in the United States. 4, 5 Management of this deadly cancer is complicated by tumor characteristics along with underlying liver function. 6, 7 Curative therapies include hepatic resection, local ablation and liver transplantation, but recurrence rates are as high as 70 and 20%, respectively. [8] [9] [10] [11] [12] [13] Although current staging systems identify important prognostic factors for survival and management, they are primarily based on radiographic findings and may not provide enough information on tumor biology, which may ultimately drive tumor recurrence.
Tissue and serum biomarkers have been less explored in HCC staging. Alpha-fetoprotein (AFP) is the only biomarker that has had some evidence of being prognostic; but it is not useful for staging, due to limited sensitivity and specificity. 14, 15 Recently, there has been growing interest in inflammatory biomarkers since inflammation is a critical component of tumorigenesis in HCC. 16 Moreover, the inflammatory tumor microenvironment has been implicated in tumor progression with elevated levels of infiltrating T-regulatory cells offering worse prognosis while elevated levels of lymphocytes and cytotoxic T cells control tumor progression. [17] [18] [19] A persistent inflammatory milieu mediated by non-specific neutrophilia coupled with a relative lymphopenia, which could prevent a host immune-mediated antitumor response, may promote HCC tumor progression. 20 The neutrophil-lymphocyte ratio (NLR) is the most widely studied inflammatory marker for various diseases, including HCC, and may offer prognostic value. 21 Most studies demonstrate that an elevated NLR value confers worse outcomes in HCC after hepatic resection. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] However, cut-off values for NLR are variable across studies; and few studies have examined underlying etiology, rendering the use of NLR difficult to generalize. In this study we characterize a large cohort of HCC patients in terms of risk factors and tumor characteristics, as it relates to NLR. Secondly we analyze patients who underwent liver resection to determine factors, including NLR, that may affect survival and recurrence.
MAterIAlS And MetHodS

Patients
This is a retrospective cohort study of 1,262 HCC cases referred over a 25-year period (1993-2017 ) to a group of physicians who are associated with Hawaii's only liver transplant center and referral center for liver disease/surgery for the American territories of the Pacific Basin (including Samoa, Guam, Saipan, and the Marshall Islands). Patients also included foreign nationals from Asian countries who sought medical care in the United States. These clinic and transplant centers were initially affiliated with St. Francis Medical Center (later renamed Hawaii Medical Center-East) and Queen's Medical Center in Honolulu, Hawaii after 2012. This center sees approximately 60-70% of the HCC cases in Hawaii. This study included all patients who were referred to these centers during the study period. This study was approved by the Institutional Review Board of The University of Hawaii at Manoa. This was a retrospective study using deidentified data that were determined to be exempt from requiring patients' consent and were in compliance with ethical regulations.
Diagnosis of HCC
HCC was diagnosed histologically by percutaneous biopsy or at surgery. In the first decade and consistent with the previous United Network for Organ Sharing policy regarding transplant for HCC, patients without histologic confirmation were included if they had a history of chronic liver disease, a mass at least 2 cm seen on two imaging studies (ultrasound, computed tomography [CT] scan or magnetic resonance imaging [MRI]), and one of the following: (1) vascular blush evident on CT scan or MRI, (2) AFP >200 ng/mL or (3) arteriogram confirming the tumor. More recently, the diagnosis of HCC was made with imaging alone if a contrast-enhanced study (dynamic CT or MRI) showed typical arterial enhancement with "washout" in the venous phase, as described by the American Association for the Study of Liver Disease guidelines. 6 
Data collected
Information on demographics, medical history, laboratory data, tumor characteristics, treatment, and survival was collected from clinical records. Demographic data included age, sex, birthplace, and the patient's self-reported ethnicity. Ethnicity was then cate-http://www.e-cmh.org https://doi.org/10.3350/cmh.2019.0004
gorized as "White", "Asian" (East Asians, including Filipinos), "Pacific Islander", "Mixed", or "Other." Medical history included diabetes mellitus, hyperlipidemia, smoking, and risk factors for HCC including viral hepatitis, alcohol abuse (defined as greater than two alcoholic beverages daily for at least ten years), and other chronic liver diseases. Measured height and weight were used to determine body mass index (BMI). Obesity was defined as BMI ≥30.
The collected laboratory data included bilirubin, albumin, prothrombin time with international normalized ratio, creatinine, alanine aminotransferase, aspartate aminotransferase (AST), platelet count, neutrophil count, lymphocyte count, and AFP. HBV and HCV serologies were obtained if this information was not available from pre-existing records. Laboratory data that was used for the study had been obtained within 2 weeks of an initial visit or at the time of the visit. NLR and Model for End-stage Liver Disease score were calculated. The size, number, and location of the tumor(s) were used to determine the Tumor Node Metastases stage according to the American Joint Committee on Cancer (AJCC) staging system. Tumors were stratified to largest tumor diameter ≥5 cm or <5 cm. We also noted whether the tumor had macrovascular invasion (based on imaging), rupture at presentation, and/or underlying cirrhosis. Normal AFP was defined as less than 20 ng/dL.
Although our Liver Center recommends HCC surveillance in cirrhotics with AFP and liver ultrasound every 6 months, there was no uniform screening protocol used in the cohort. Referring physicians used a combination of AFP and/or imaging (ultrasound, CT scan or MRI) at variable intervals. HCC was deemed to be found on "screening" if the patient had a previous imaging study from three to twelve months prior to the current study. HCC not found on screening was either found with symptoms (pain, abdominal mass, weight loss, jaundice) or incidentally with imaging done for unrelated reasons.
Treatments
Treatments included liver resection, transplantation, ablative therapies (including radiofrequency ablation, cryosurgery, transarterial chemoembolization, and percutaneous ethanol injection) and systemic therapies. Liver resection was considered in Child A patients and early Child B patients (Child-Turcotte-Pugh score of 7, without any evidence of ascites or encephalopathy). Liver transplants were considered in patients who were unresectable but met Milan criteria (single tumor less than 5 cm or 2 to 3 tumors, each less than 3 cm). Liver transplant was also considered in patients who underwent resection but had a recurrence more than 6 months after surgery, provided the recurrent tumor met Milan criteria. Since 2007, liver transplant was considered in single tumors <6.5 cm that were down-staged to meet Milan criteria. All liver resections and transplants were performed by a single surgical group practice. The majority of patients on the transplant list underwent locoregional therapy while waiting for a donor.
Data categories -entire cohort and resected patients
Of the entire cohort, 789 patients had information to calculate NLR. This cohort was used to calculate mean NLR by AJCC and Barcelona Clinic Liver Cancer (BCLC) stages. We also divided NLR into several categories including NLR 1.5 or higher (NLR ≥1.5) versus less than 1.5 and NLR 3.0 or higher (NLR ≥3) versus NLR less than 3.0. We also determined predictors of NLR ≥1.5 and NLR ≥3 by calculating odds ratio (OR) with 95% confidence intervals on multiple clinical and tumor factors. Univariate and multivariate analysis were used to determine significant predictors of NLR ≥1.5 and NLR ≥3.
We then focused this study on 235 patients who received a liver resection as an initial, curative therapy. These 235 patients were selected from the entire cohort of 1,262 patients. NLR was available in 166 of these patients. We included those patients with ruptured HCC who had initial transarterial embolization to control bleeding and then subsequent elective liver resection as definitive treatment. We also included those patients who had pre-operative portal vein embolization because of large HCC and inadequate future remnant volume, as measured by a radiologist and determined by the surgeon based on underlying liver function. We excluded four patients who underwent initial liver resection and subsequent salvage liver transplantation due to recurrence of HCC, as this would affect long-term disease-free survival and may not reflect the prognosis based on initial NLR.
Patients were followed long-term with contrast enhanced imaging every 3 months after surgery or loco-regional therapies for the first year and then every 4-6 months. After the first year or if patients had issues with intravenous contrast, ultrasound was used for follow up. Early recurrences were defined as recurrences within 1 year. Deaths were confirmed using the Social Security Death Index and local newspaper obituaries. Twelve patients (1.0%) were lost to follow up. One patient had a liver resection and one had a liver transplant and was known to survive at least 5 years without recurrence before being lost to follow up. The https://doi.org/10.3350/cmh.2019.0004 others were patients who had non-curative or no therapy.
Statistical analysis
All analyses were performed using Excel and Statistical Package for Social Services (SPSS) statistical software ver. 23.0 (IBM Corp., Armonk, NY, USA). Categorical variables were analyzed using analysis of variance and chi-square analysis. OR with 95% confidence intervals were calculated using univariate and multivariate logistic regression. Predictors of recurrence were evaluated by unconditional logistic regression modeling recurrence/no recurrence. Variables significant at P=0.10 in univariate analyses were included in the multivariate models along with age and sex. Significant variables to P =0.10 were used to create a multivariate model. Variables significant at P<0.05 were considered significant in the multivariate model. Generalized linear models were used to compare NLR by AJCC and BCLC stage. Overall survival was evaluated using Kaplan-Meier and Cox regression analyses. Variables significant on univariate analysis (P<0.05) were included in multivariate models.
reSultS
Baseline characteristics of the patients
This cohort of 789 patients with NLR had baseline characteristics as shown in Table 1 . The mean tumor size of the largest tumor was 5.5 cm (standard deviation [SD] 4.2 cm), and 39.2% of tumors were ≥5 cm. Tumor rupture was noted in 2.4%, and macrovascular invasion noted in 8.5%. In this cohort, 166 patients underwent liver resection and 12 patients underwent orthotopic liver transplant as the initial therapy. Of the remaining patients, 218 underwent locoregional therapy with transarterial chemoembolization or Yttrium90 radioembolization and 182 patients underwent radiofrequency or microwave ablation as their initial therapy. Twenty-four patients were not amenable to surgical or locoregional therapy and were given sorafenib. The remaining patients had a noncurative therapy, supportive care or no therapy.
Factors associated with NLR in the entire cohort
In the 789 patients with available information to calculate NLR, 80.4% of patients had NLR ≥1.5. Univariate analysis showed that Table 2) . On multivariate analysis, Asian races, HCV positivity, diabetes and size ≥5 cm remained significantly associated with NRL ≥1.5. NLR ≥3 was noted in 35.9% of all patients. Asian race and HCV positivity were less likely to be NLR ≥3, while the presence of non-alcoholic steatohepatitis (NASH), tumor size ≥5 cm, HCC rupture, and macrovascular invasion were significantly associated with NLR ≥3. On multivariate analysis, HCV was no longer significantly associated. NASH, tumor size ≥5 cm, HCC rupture, and macrovascular invasion were associated with NLR ≥3 (Table 3) .
Mean NLR was lower in patients with HCV compared to those who were HCV negative (2.89 vs. 3.63, P<0.01). Mean NLR was also higher in those patients with NASH compared to those without NASH (4.30 vs. 3.10, P<0.01), but diabetes did not affect mean NLR. Differences in mean NLR were also noted in tumor size ≥5 cm (3.96 vs. 2.89, P<0.01), HCC rupture (6.89 vs. 3.22, P<0.01), and macrovascular invasion (4.14 vs. 3.23, P=0.03) compared to those without these characteristics. The receiver operating curves (ROC) were as follows: tumor size ≥5 cm (ROC=0.666), tumor rupture (ROC=0.809), and macrovascular invasion (ROC=0.631). There were also trends associated with increasing NLR by higher AJCC stage (P=0.01) and BCLC stage (P=0.16) as shown in Table 4 .
Patients treated with resection
In this cohort, 235 patients underwent liver resection for HCC. This included 12 patients who underwent hepatic arterial embolization and three patients who underwent portal vein embolization prior to liver resection. Arterial embolization was done for tumor rupture on presentation in 11 patients and impending rupture/large size in one patient. Portal vein embolization was performed to hypertrophy the uninvolved liver to facilitate liver resection. Characteristics of this cohort are detailed in Table 1 . Mean tumor size was 6.4 cm (SD 4.45 cm) with 49.8% having tumors 5 cm or larger. Single tumor was noted in 84.3% and macrovascular invasion was noted in 3%.
Predictors of recurrence
In the 235 patients who underwent liver resection, 96 patients (40.9%) had recurrence with mean follow-up time of 1,543 days (Table 5 ). In the multivariate analysis, HCC found on surveillance was associated with less recurrence while NLR ≥3 was associated with increased recurrence. For early recurrence, HCC found on surveillance and single tumors were less likely to have early recurrence both with univariate and multivariate analyses (Table 6 ). NLR≥3 was associated with increased early recurrence in both univariate and multivariate analyses.
Survival analysis
In the patients who underwent liver resection, overall mortality at 30 days was 3%. Three patients died from unexpected cardiovascular complications (2 myocardial infarctions and 1 cerebrovascular accident). Two patients died from bleeding complications and one died from liver failure on post-operative day 29. Finally, one patient died from septic complications from an unrelated necrotizing skin infection. No perioperative deaths have occurred in the last 6 years of this study. The 1, 3, and 5-year overall survival was 75.7%, 49.8%, and 30.2% respectively.
NLR ≥3 was associated with poorer overall survival and remained a predictor of survival after adjustment for patient and clinical factors (age, gender, HBV, HCV, cirrhosis, AFP, AST, albu- min, bilirubin and creatinine). NLR ≥1.5 was not associated with survival with or without adjustment of these factors (Fig. 1) .
dISCuSSIon
While many studies have demonstrated the prognostic value of NLR in various treatments for HCC, our study is one of few to closely consider other factors that may affect NLR. In examining the entire cohort, NLR appeared to increase with severity of HCC and tumor burden. NLR increased with both AJCC and BCLC stage. Moreover, NLR ≥3 was associated with aggressive tumor behaviors such as large tumor size, tumor rupture, and macrovascular invasion on univariate and multivariate analysis. In particular, tumor rupture was associated with higher NLR with ROC of 0.809. This was suggested previously by Wang et al. in a metaanalysis examining pretreatment NLR in HCC hepatic resection patients. 32 They demonstrated higher NLR in patients with vascular invasion and large tumors (greater than 5 cm). However, advanced clinical stage was not associated with an elevated NLR.
32
Our study reinforces the potential prognostic value of an elevated NLR to assess aggressive tumor behavior; and suggest that a continuous numerical variable might be a more useful assessment that may offset the shortcomings of our current staging systems. Although elevated NLR seems to be associated with severity of disease, other factors such as ethnicity and etiology of chronic liver disease may confound these values. In our cohort, Asian ethnicity and NASH were associated with an elevated NLR in univariate and multivariate analyses. Patients with HCV were more likely to have both NLR ≥1.5 and NLR ≥3.0 in univariate analysis, but this was not demonstrated in multivariate analysis. Diabetes was a predictor of NLR ≥1.5 on univariate and multivariate analysis but not a predictor for NLR ≥3. Age, gender, obesity, smoking, and alcohol use did not affect NLR. Huang et al. previously dem- https://doi.org/10.3350/cmh.2019.0004 onstrated a significant difference in distribution of NLR by underlying chronic liver disease. 33 However, in their cohort of 1,659 patients, only 502 patients had a reported etiology for chronic liver disease; and 68% had HBV, 0.6% had HCV, and 16% were coinfected with HBV and HCV. Wang et al. also reported that HBV was associated with an elevated NLR in their meta-analysis of 17 studies of HCC patients who underwent liver resection. 32 However, 16 of these studies were done in Asian countries and only 3 of the studies had information on HBV. Many previous studies that conducted these etiologic analyses have originated in China or countries with a very high prevalence of HBV. 24, 29, [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] In this study, more heterogeneous population with greater representation of HCV and NASH as an underlying chronic liver disease may allow for a more accurate comparison of these risk factors and how they may influence NLR. In our subgroup of patients who underwent hepatic resection, NLR had prognostic value on outcome. NLR ≥3 was predictive of recurrence and early recurrence in both univariate and multivariate analysis. Additionally, NLR ≥3 was associated with decreased overall survival. Even after adjustment for multiple variables, NLR ≥3 was still predictive of poor survival. Previous studies examined similar outcomes with elevated preoperative NLR exhibiting decreased overall and disease-free survival. 21, 32 Our study corroborates these studies of preoperative NLR demonstrating the potential to identify a subset of resectable HCC patients that may benefit from adjuvant treatment or closer surveillance. The precise mechanism by which an elevated preoperative NLR confers worse survival cannot be clearly elucidated from retrospective studies such as ours, but several hypotheses exist. The tumor microenvironment can potentially regulate hepatocellular carcinogenesis. 45 Infiltration of peritumoral neutrophils and interleukin-17 (IL-17) producing cells has been reported to increase an- giogenesis and, thereby, promote tumor growth to ultimately confer worse survival in patients with HCC. [46] [47] [48] Infiltrating lymphocytes are typically CD4+ T-helper or T-reg cells. 45 T-reg cells promote immune tolerance to neoplastic cells, and a balance toward T-reg over CD8+ cells is associated with a worse prognosis. 49 However, an upregulation of CD4+ T helper cells may drive the host immune system toward an antitumor reaction. Taken together, the relative neutrophilia and lymphopenia (predominantly in CD4+ and CD8+ cells) in the tumor microenvironment may promote tumorigenesis and a systemic NLR in the peripheral blood may be an apt systemic surrogate for the tumor inflammatory and immune locale. This study had limitation from a single-center study and the data to calculate NLR was collected retrospectively. While we chose to report values of neutrophils and lymphocytes within two weeks of the initial visit to the surgeons, some of these values may have been obtained while the patient was hospitalized. Intervening factors such as infection, bleeding, or other acute illness that may be associated with an inflammatory state may have affected these values. Furthermore, while we had information on viral hepatitis serologies, we did not have more detailed information on viral load or use of antiviral agents. Finally, blood was obtained in multiple different inpatient or outpatient laboratories and we cannot account for slight variations between the laboratories.
Despite these limitations, this study involves use of a carefully annotated, prospectively collected database which provided robust information on risk factors, viral hepatitis, and tumor characteristics. We also have reliable information on various treatments and survival. NLR has previously been shown to be a prognostic factor in recurrence and survival in large studies of patients who underwent liver resection, transplantation, and various locoregional therapies. However, most of these studies do not account for factors that may affect NLR, including demographics, ethnicity, and etiology of chronic liver disease in a heterogeneous population. Our study showed that Asian race, HCV, NASH, and diabetes mellitus affect NLR and more importantly, NLR may be a prognostic marker for disease severity with increased values in those patients with large tumors, vascular invasion, and tumor rupture. Intervening factors may render NLR difficult to interpret, and cut-off values may be difficult to establish. More detailed studies will be needed to determine the optimal use of NLR as a 
